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Because students are already familiar with receiving interactive information across multiple platforms in their homes, these same technologies could be very useful for performing practical activities required to complement the theoretical content oered by the teacher.
The use of new educational tools such as projectors and touch-sensitive frames has brought more interactivity to classrooms, but they still do not oer an immersive experience in which the student can actually interact and test the acquired knowledge.
Many institutions, mainly Engineering courses, also lack of physical and nancial resources to match to all students' needs, and many of them do not even have labs to carry out specic activities.
A virtual learning environment becomes an interesting approach to contribute to new experiences, such as to provide students with a greater involvement with practical activities, inserting virtual objects, similar to real laboratories that arouse the sensation of being physically performing practical and collaborative activities I . Thus, institutions that do not have sucient resources to meet the demand of students and teachers can use more modern and interactive methods for teaching and learning with a low investment.
Related Work
Normally, Robotics Education is carried out in real laboratories using computers with specic software, such as RoboDK P , RobCAD Q and V-REP R , to program the robot's operations. The program is simulated in the software and can be transferred to the robot controller for execution in real environment.
A teaching approach based on Teach Pedant S , proposes the use of online programming technique, in which a robot remains operational while the program is developed and executed in its controllers. In this case, the programming is done based on the points or trajectories that the robot must follow. The required data is collected by robot controllers during the teaching process. Teaching is usually done using a portable robotic terminal called teach pendant, which provides convenient means to move the robot, teach locations and execute programming according to the robot's joints. Most robot manufacturers provide their own teach pedant for their industrial robots. The teach pedant can be used to teach Robotics for beginners as it does not require programming skills. However, the high cost of conguring the equipment makes it impossible to deploy real laboratories.
One of the proposed solutions to this problem is the use of a remote laboratory using the concepts of tele-robotics TDU . These platforms provide teach pedant emulation in the form of a GUI that is used to remotely program real robots and also to view the manipulator movements through a webcam. The RoboLab application proposes a virtual and remote laboratory for teaching Robotics, using a joystick to dene the movement of the virtual robot VDW . In addition, a smartphone-based teach pedant to control a virtual robot was proposed by IH . The Hammer application II has a tablet-based graphical interface for programming industrial robots and comes with virtual teach pedant features that can be used to simulate robot movements.
The presented work do not oer an integration of the learning object to the learning management system. Thus, the dierential of this proposal is to relate the virtual laboratory to the practical and theoretical classes oered by Moodle, besides oering an immersive environment as a means of communication between students and teachers IPDIQ .
Purpose
This paper presents a virtual learning object for use in Engineering courses, with a proposal to create a 3D virtual laboratory in which students and teachers interact in an immersive environment.
The virtual environment is an alternative to both teaching theory and teaching in practice, with the possibility of visualizing the interaction of a real robot through the control of a virtual robot.
By accessing the virtual object, the student can develop laboratory activities provided by professors and available through Moodle platform IR , and also control real equipment without being present, besides that, bringing to the institution a new technological resource to improve the practical quality in teaching of Engineering.
Design
For the development of the application, three main procedures were conducted. These consist of: ARM-7220-4 robotic arm modeling, server implementation and system integration with the Moodle platform.
Robotic Arm Modeling ARM-7220-4
For this stage of development, a software called Blender was used, in which the 3D model necessary for the operation of the environment were made. The robotic arm model consists of ve joints, in addition to actuating claw. The Figure 1 shows the modelling part in Blender software.
The kinematics functions were implemented using Unity 3D software, which enabled the user to enter data referring to the movement of the robot joints. Thus, six elds were provided for the user to interact with the simulation. Consist of:
• Waist: responsible for the movement of the base, or similar to the human body, a shoulder;
• Shoulder: responsible for moving the robot arm;
• Elbow: responsible for the movement of the robot's forearm;
• Pitch: responsible for angular movement of the actuator or claw;
• Roll: responsible for the rotation movement of the claw; and • Claw: responsible for opening or closing the claw.
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Server Implementation
For the development of the proposed system, it was necessary to implement a server to aid the communication between the student and the real robot. Thus, it was developed using TCP/IP communication through a PHP application. This server is responsible for receiving commands from the user, interpreting them and performing real robot control. In addition, it is transmitted to the student the image captured in real time by a camera that is positioned in the direction of the robotic arm. Therefore, allowing access to the robot through the 3D environment.
Integration of the system with the Moodle platform
In order to facilitate the use of the environment, integration with Moodle distance learning environment was established. So, it is possible to access via web the theoretical content developed by the professor, besides allowing access to the platform.
The SCORM tool was used to connect the 3D environment to the Moodle platform. SCORM is a package consisting of animations, 3D models, images and others that allow the application to run completely. In Figure 3 , it is possible to observe the scheme of the whole structure of the system that was explained.
pigure QF truture of the systemF 5. Results For the evaluation of the virtual laboratory, students of Control and Automation Engineering course of CEFET-MG, Leopoldina campus were invited to test the learning object. The students had to complete a few activities that were developed to simulate laboratory activities. They were proposed to positioning the virtual robotic arm into specic locations by changing the parameters of each component of movement. After learning in the virtual environment, they were able to control the real equipment, that was connected in real time with the simulation. Figure 4 , shows the simultaneous activities during the experiment. The students who were invited to test the learning object, lled in a questionnaire about their experience.
Among the questions asked in the questionnaire, it is possible to point that the results showed that only 23 % of the students had participated in distance learning courses or had contact with other types of virtual learning object, indicating that distance learning courses have a really good potential to grow. Moreover, about 86 % of the students had never used other virtual object in studies before and about 75 % of them showed great interest in working with the virtual object. Some of the questions can be seen in the Figure 5 . Most of the students considered themselves with a good knowledge in Robotics and had a great interest in the subject.
pigure RF imultneous ontrol during students9 tivitiesF pigure SF enswers to the questionnire pplied to the studentsF All the students that participated in the project greatly enjoyed the experience of working with the virtual robotic arm and would like it to be integrated into other activities as sxX PQSVEIPUIF sntF tF of elive ingF iduF @steiiduAF @ynlineAF qoi¢ niD vF RD nF PD pF SUETRD tulyGheF PHIUF TQ well. Moreover, all of them approved the use of the new teaching object and conrmed that it can be essential to encourage and help learning.
Conclusions
The implementation of a virtual laboratory with remote access gives students a great immersion and interactivity with learning objects, as well as facilitate the accomplishment of practical activities in the disciplines of the Engineering course. This paper presents a proposal for a 3D virtual laboratory integrated into Moodle that can be replicated in remote simulation of laboratory experiments, granting institutions that do not have such equipment to use them, requiring or not supervision for the activities, since it reduces the risk of damaging the equipment or hurting students. In addition, creating mechanisms for the interaction between virtual and real equipment.
The virtual environment was oered to Engineering students who positively evaluated the learning resource, indicating a new opportunity for the construction of increasingly interactive educational tools.
IHF texD FY reexD FY yD FY yyxD tF mrtphone fsed gontrol erhiteture of ehing endnt for sndustril wnipultorsF snX sxixesyxev gyxpiixgi yx sxivvsE qix iw wyhivvsxq 8 swvesyx siiiD RFD PHIQF Proceedings...D PHIQF IIF weiyD gFY fxiiD eFY qewfeyD iFY rixexhyD wF rmmerX en endroid sed pplition for endEuser industril root progrmmingF snX sxixesyxev gyxpiixgi yx wigreyxsg exh iwfihhih iw exh evsgesyx siiiGewiD IHFD PHIRF Proceedings...D PHIRF IPF vssxqyxiD hFY tiiwD uF sntegrting weEsed nd Qh lerning environmentsX eE ond vife meets woodleF gis qehiX European Journal for the Informatics Professional PHHVFQ @PHHVAX pF VEIRF IQF xyyxD F verning g5 y heveloping qmes with nity QhF kt ulishing vtdD PHIQF IRF gesqD tF sntrodution to rootisX mehnis nd ontrolF erson rentie rllD PHHSF
